Oxytocin (OXT) is a potent stimulator of prostaglandin E 2 (PGE 2 ) synthesis by rabbit amnion cells obtained near the end of pregnancy. Coincident with a marked increase in sensitivity of PGE 2 synthesis to OXT, the concentration of OXT receptors (OXTRs) is abruptly upregulated about 200-fold at term. This increase can be mimicked in preterm amnion cells in primary culture by the synergistic action of agents that increase cAMP synthesis and by glucocorticoids. To elucidate the mechanism of cAMP action, we cloned the rabbit OXTR gene and isolated a 200-base pair (bp) forskolin-responsive region about 4.7 kilobase upstream from the transcriptional start site using transient transfection assays. This region corresponds to a DNase Ihypersensitive site that appears in amnion tissue only near the end of pregnancy, when OXTRs are upregulated. The effects of forskolin were mediated in part by cAMP response element binding protein (CREB), as coexpression of reporter constructs with dominant negative CREB inhibited reporter expression. In addition, CREB was cross-linked to sites in the 200-bp region only in chromatin isolated from cells near the end of pregnancy, as demonstrated by chromatin immunoprecipitation (ChIP). Because the transient transfection results are consistent with work using tissue extracts (DNase I hypersensitivity and ChIP), we conclude that cAMP, acting through a specific upstream CREB binding site, is critical for the physiological upregulation of OXTRs in the amnion at the end of gestation.
INTRODUCTION
The effects of most hormones are modulated by changes in their concentration. However, the effects of oxytocin (OXT) on reproductive tissues are also regulated by changes in OXT receptor (OXTR) levels, accounting at least in part for changes in target sensitivity to the hormone. In virtually all species studied, OXTR concentrations in the myometrium are low at the beginning of pregnancy and maximal around the time of labor. Plasma or serum levels of OXT fluctuate during labor but are primarily elevated postpartum in association with delivery of the placenta in humans and ruminants [1, 2] . In contrast, OXTRs in the rat mammary gland are low during pregnancy and elevated during lactation, allowing mammary myoepithelial cells to contract and elicit milk ejection in response to increased blood levels of OXT [3] . The reciprocal changes in OXTR expression between myometrial and myoepithelial cells allow the uterus to respond to the low levels of circulating OXT during labor but not the mammary gland. During lactation, when myometrial OXTRs are downregulated, the uterus is essentially unresponsive to OXT, while mammary myoepithelial cell OXTRs are upregulated and respond to increases in circulating levels of OXT resulting from suckling stimuli. Thus, alterations in OXTR levels between the uterus and mammary gland allow the switching of targets for OXT between the end of pregnancy and during lactation.
In addition to stimulating myometrial and myoepithelial cell contraction, OXT is a potent regulator of endometrial and decidual prostaglandin F 2a (PGF 2a ) synthesis in species such as sheep [4] , swine [5] , and humans [6] . Cultured human amnion cells increase synthesis of prostaglandin E 2 (PGE 2 ) in response to various agents [7, 8] , including OXT [9] . However, the concentration of OXTR in human amnion is only marginally elevated at the end of pregnancy [10, 11] in comparison with the decidua [6, 12] , suggesting that the decidua is the major target of OXTR-stimulated prostaglandin release in humans. In contrast to these findings, there is only a 2-fold increase in decidual OXTR concentrations in the rabbit at the end of pregnancy compared with an abrupt 200-fold rise in the amnion [13] . Indeed, PGE 2 synthesis by rabbit amnion cells is stimulated markedly by OXT at the end of pregnancy [13] . Thus, the amnion (and not the endometrium and decidua) is major site of OXT-stimulated prostaglandin production in the rabbit. Prostaglandins have a significant role in control of the estrous cycle [4, 14] and in mechanisms of parturition [15] . Specifically, OXT stimulation of prostaglandin production appears to signal luteolysis during the estrous cycle in ruminants [14] . In addition, OXT may have a dual role in the onset of parturition by a direct effect on myometrial contractility, as well as stimulation of decidual and/or amniotic uterotonic prostaglandin synthesis [12] .
Therefore, an understanding of the regulation of OXTR expression would elucidate the control of parturition, as well as physiological processes such as luteolysis, lactation, and amnion function. The regulation of OXTRs is complex, as there appears to be no uniformity with regard to factors that regulate OXTR concentrations in different target tissue sites or indeed in the same tissue within different species. Rat and rabbit myometrial OXTRs are upregulated by estrogen and downregulated by progesterone [16] [17] [18] [19] . However, estrogens have no effect on rat mammary OXTR mRNA levels [20] . In fact, agents involved in the regulation of mammary OXTRs remain to be elucidated. Rat amnion appears to lack OXTR altogether [21] . The OXT ligand binding sites in the membrane fraction prepared from cultured rabbit amnion cells are unaffected by ovarian hormones (Jeng and Soloff, unpublished results) but are upregulated to the same extent as that seen in vivo by the addition to the incubation medium of cortisol and substances such as forskolin that elevate intracellular cAMP concentrations [22, 23] . The actions of these two agents are synergistic in upregulating ligand binding sites [22] and OXTR mRNA levels and in activating transcription of the OXTR gene [24] . The effects of forskolin are rapid and transient, indicating that cAMP has a direct effect on OXTR gene transcription, whereas those of cortisol are slow and sustained, suggesting that the activated glucocorticoid receptor does not have a direct action on the OXTR gene [24] .
Despite apparent dissimilarities in regulation of OXTR gene expression in different species and cell types, cAMP might have a more universal role than first expected. Treatment of porcine endometrial cells with either forskolin or dibutyryl cAMP caused a significant elevation in iodinated OXT antagonist binding sites and in OXT-stimulated PGF 2a secretion [25] . Chronic isoproterenol treatment of estrogenprimed nonpregnant rats resulted in a 3-fold increase in myometrial OXTR mRNA levels [26] . Isoproterenol acts selectively on b-adrenergic receptors, stimulating the production of cAMP. Treatment of MCF-7 cells, a human breast tumor cell line, with forskolin resulted in a 10-fold increase in iodinated OXT antagonist binding and an increase in immunoreactive OXTR [27] . Forskolin and phorbol 12-myristate 12-acetate treatment of MCF-7 cells had a synergistic effect (17-fold) in upregulating reporter activity of transiently expressing constructs containing 4 kilobase (kb) of 5 0 flanking sequence of the rat Oxtr gene [27] . The effects of estrogen, which elevates myometrial OXTR levels in the rat [18, 28] and rabbit [19] myometrium, might be mediated by cAMP in that estrogen treatment results in a rise in cAMP concentrations in the rat uterus [29] and in cultured human breast MCF-7 tumor cells [30] . Thus, elucidation of the mechanisms of action of cAMP on OXTR expression would have broader relevance than in the isolated case of rabbit amnion. Rabbit amnion cells in culture offer an ideal system for the systematic analysis of the action of cAMP on OXTR gene regulation in that they appear to be homogeneous, can be maintained in culture for some time in the absence of serum or growth factors, and are easily transfected.
cAMP regulates a wide range of important biological processes, including cell division, growth, differentiation, and transformation. Two distinct signaling pathways are activated by cAMP. The first is mediated by cAMP-dependent protein kinase (PKA). The catalytic unit of PKA affects a range of diverse cellular events by phosphorylation of an array of cytoplasmic and nuclear protein substrates, including the cAMP response element binding protein (CREB) transcription factor. Hormonal stimulation of the cAMP pathway leads to the phosphorylation of CREB and its resultant binding as a homodimer to the cAMP response element (CRE) found in many genes, resulting in the initiation of transcription. A second signaling pathway is mediated by Rap guanine nucleotide exchange factors (RAPGEFs). RAPGEFs bind cAMP with high affinity and activate RAP1, a Ras superfamily guanine nucleotide binding protein. Although RAPGEFs can mediate increases in the expression of certain genes [31] , the mechanisms by which this occurs are unknown.
The objectives of the present study were to gain a better understanding of the genomic effects of forskolin on OXTR gene transcription in rabbit amnion cells and to extend the findings to amniotic OXTR gene regulation in vivo. Toward this end, we cloned the rabbit OXTR gene and examined the 5 0 flanking sequence for transcriptional regulatory sites involved in forskolin-induced OXTR expression. In addition, we performed DNase I hypersensitivity and chromatin immunoprecipitation (ChIP) analyses of the natural OXTR gene in amnion tissues from pregnant rabbits. As a result of this work, we identified and characterized a specific OXTR gene region upstream from the transcriptional start site involved in forskolin induction of OXTR expression under physiological conditions.
MATERIALS AND METHODS

Rabbits and Amnion Cell Culture
Timed pregnant New Zealand rabbits (Ray Nichols Rabbitry, Lumberton, TX) were received on Day 16 of pregnancy and were euthanized on Day 24, 27, or 30 unless otherwise noted. Labor usually occurs on Day 31. The rabbits were treated in accord with the National Institutes of Health (Bethesda, MD) Guide for the Care and Use of Laboratory Animals. The research protocol was approved by the Institutional Committee on Animal Care and Use, University of Texas Medical Branch. Amnion cells were isolated as described previously [13] . About 8 million cells were plated onto 10-cm tissue culture plates, and the cells were maintained in Dulbecco modified Eagle medium containing 5% fetal bovine serum (FBS), penicillin (100 U/ml), and streptomycin (100 lg/ml) at 378C (95% humidity) in the presence of 5% CO 2 . Forskolin and other materials were purchased from Sigma-Aldrich (St. Louis, MO).
Cloning of the Rabbit OXTR Gene
A rabbit genomic library in European Molecular Biology Library (EMBL)-3 SP6/T7 (BD Biosciences Clontech, Palo Alto, CA) was screened using a 32 Plabeled cDNA hybridization probe corresponding to the region between transmembrane regions two and six of rabbit OXTR [24] . Two distinct clones containing 7.5 and 12.5 kb of genomic sequence were isolated and subcloned into pUC18. The two clones had identical restriction sites in regions of overlap. The DNA sequence between À7.1 kb and 2.2 kb (9367 base pair [bp]) relative to the transcriptional start site (described in the next paragraph) was determined using a cycle sequencing protocol and Taq DNA polymerase (Roche Applied Science, Indianapolis, IN). Sequence analysis was performed using an Applied Biosystems (Foster City, CA) model 373A DNA sequence analyzer. The nucleotide sequence was submitted to GenBank (accession number FJ862054). Sequence analyses on all transfection constructs were performed using the same methods.
Primer Extension Analysis
Poly(A þ ) RNA from Day 30 rabbit amnion or myometrium, or amnion cells cultured from Day 30 pregnant rabbit, was used as a template for primer extension analysis. Primer (5 0 -AGC CTC GCC ACC GCC GCA TTT-3 0 ) corresponding to the sequence about 125 bp downstream from the putative transcriptional start site was end labeled with c[
32 P]ATP and annealed to 50 ng of poly(A þ ) RNA. Yeast RNA was used as a negative control. The cDNA was transcribed using murine leukemia virus RT (GIBCO/Invitrogen, Carlsbad, CA) as described previously [32] . The extended product was separated on a 7 M urea 6% polyacrylamide gel and analyzed by autoradiography. The cDNA sequence was determined using the labeled primer and a segment of rabbit genomic OXTR containing putative exon 1 and the adjacent 5 0 flanking region.
Plasmid Constructs
DNA fragments ranging from 130 to 6845 bp of OXTR 5 0 flanking sequence from the transcriptional start site were subcloned into pGL3 Basic vector (Promega Corp., Madison, WI). In addition, the pGL3-6.845-kb construct was digested with Sac I to generate four fragments of the 5 0 flanking region: the vector containing 2.9 kb of proximal 5 0 flanking sequence in addition to 5 0 fragments of 1.7, 1.4, and 1.1 kb. Each of the latter three was separately ligated to the pGL3-2.9-kb construct. Two primers (5 0 -GGA GAC GCC AGG AGA CT-3 0 and 5 0 -AGA CAG GAT GGA GGA CT-3 0 ) were used to generate a 0.6-kb fragment from pGL3-2.9-1.7-kb DNA. This 0.6-kb fragment, as well as nested 200-and 400-bp fragments, were subcloned into the enhancer cloning site of pGL3-0.13-kb plasmid DNA.
The 0.2-kb fragment was created by PCR using the same upstream primers used to generate the 0.6-kb fragment and the downstream primer 5 0 -GGA GAG GAG GAA GAA AC-3 0 . The 0.4-kb fragment was created using the same downstream primer used for the 0.6-kb fragment and the upstream primer 5 0 -CCA CCC TTG CCC AAG CTG CCC-3 0 . CREB and vitellogenin promoter binding protein (VBP) dominant negative mutants (A-CREB and A-VBP, respectively) and control cytomegalovirus (CMV)-500 plasmids were generous gifts from Dr. Charles Vinson, Laboratory of Biochemistry, National Cancer Institute, National Institutes of Health, Bethesda, MD.
JENG AND SOLOFF
Reporter Assays
For transfection, amnion cells were prepared from Day 27 pregnant rabbits, and 8 million cells were plated onto 10-cm cell culture plates. Cells from each plate were divided among wells of a 12-well plate, and transient transfections were performed the next day using calcium phosphate precipitation (2.5-h incubation), followed by the addition of a 15% glycerol solution for 1 min and then culture media containing 5% FBS. We used 1 lg of OXTR promoter firefly luciferase reporter vector (pGL3), 2 lg of carrier DNA (pUC18), and 0.1 lg of a CMV promoter-driven Renilla luciferase construct (control for uniformity of transfection efficiency in the dual-luciferase system). Twenty-four hours after transfection, the cells were treated with or without (vehicle control) forskolin (25 lM) for 4 h, which was the optimal time to show an effect in our preliminary studies. The cells were lysed in place with 0.4 ml of lysis reagent from the Dual-Luciferase Reporter Assay System (Promega Corp.). Dualluciferase activities were determined using an AutoLumat luminometer (Berthold Technologies, Oak Ridge, TN), and the activity of firefly luciferase was normalized to that of Renilla luciferase. Each determination was repeated in triplicate each time with cells from four different rabbits (total of 12 determinations).
DNase I Hypersensitivity Sites
Tissues were minced and homogenized in buffer (10 7 nuclei/ml, and aliquots were digested with RNase-free DNase I (Boehringer Mannheim, Indianapolis, IN) for 5 min at 378C. The digestion was terminated by adding stop solution (37 mM NaCl, 25 mM EDTA, 0.5% SDS, and proteinase K [100 lg/ml]) and incubated at 558C. DNA was purified by extraction with phenol/chloroform/isoamyl alcohol, followed by precipitation with ethanol and dissolution of the precipitate in Tris-EDTA buffer. RNA was removed from the sample by sequential treatment with DNase-free RNase (10-50 U/ml) and proteinase K (100 lg/ml). DNA was purified by extraction with phenol/chloroform/isoamyl alcohol, followed by precipitation with ethanol and dissolution of the precipitate in Tris-EDTA buffer. Samples were digested with increasing concentrations of DNase I from Promega Corp. and Southern blotting and hybridization were performed using standard laboratory methods.
ChIP Analysis
ChIP analysis was performed as described previously [33] . Amnion tissues collected on Days 27 and 30 were fixed in 1% formaldehyde for 15 min at room temperature and lysed in modified radioimmunoprecipitation assay (RIPA) solution, and the lysates were sonified at 48C to yield DNA fragments of an average size of about 500 bp. Lysate containing the same amount of chromatin (5-10 lg of DNA) was mixed with rabbit polyclonal antibody (2-4 lg of either anti-CREB, anti-SP1, or anti-SP3 [purchased from Santa Cruz Biotechnology, Inc., Santa Cruz, CA]) overnight at 48C. Antibody-chromatin complexes were adsorbed to protein A/G agarose beads. Following rinsing, the complex was eluted by incubating with 1% SDS (w/v) in Tris-EDTA (10 mM:1 mM). The eluate was deproteinized using proteinase K, and the cross-links were reversed by further incubation at 658C for 6 h. The DNA was then purified by phenol-chloroform extraction and ethanol precipitation. The PCR was performed using the gene-specific primer set 5 0 -GGA GAC GCC AGG AGA CT-3 0 and 5 0 -GGA GAG GAG GAA GAA A-3 0 .
Immunoblotting Using CREB Antibody
Amnions were homogenized in lysis solution composed of 25 mM TrisHCl, 25 mM NaCl, 1 mM Na 3 VO 4 , 10 mM NaF, 10 mM Na-pyrophosphate, 0.5 mM EGTA, 1% Triton X-100, 0.1% SDS, 1 mM dithiothreitol, and aprotinin (10 lg/ml) at 48C. Lysates were centrifuged at 13 000 3 g for 10 min, and the supernatants were aliquotted and frozen in liquid nitrogen. Protein concentrations were determined by bicinchoninic acid protein assay (Pierce, Rockford, IL). Immunoblotting was performed using standard methods and antibody against CREB, which was purchased from Santa Cruz Biotechnology, Inc. Blots were stripped and reprobed with antibody against ERK2 (Santa Cruz Biotechnology, Inc.) to verify equal loading and transfer.
Statistical Analysis
Data were analyzed by one-way ANOVA, followed by multiple comparisons vs. the control group (Holm-Sidak method). The Sigma Stat 3 program (Systat Software, Inc., Point Richmond, CA) was used for all statistical analyses, and significance was accepted at P , 0.05. At least three different rabbits were used for each study, and representative data are shown for nonquantitative experiments.
RESULTS
Mapping the Transcriptional Start Site
A 600-bp DNA segment corresponding to the coding region between transmembrane regions two and six of rabbit OXTR [24] was used to screen a rabbit genomic library in k phage. The DNA sequence of 9.367 kb (including the 5 0 flanking sequence, exons encoding the first six of seven transmembrane regions, a putative intron 1, and about 200 bp of intron 2) was determined. A single transcription start site was mapped by primer extension analysis generated from poly(A) RNA and shown to be the same in amnion, cultured amnion cells, and myometrium (Fig. 1, asterisk) . In contrast, the band shown in Figure 1 was absent after primer extension of yeast RNA (data not shown). The transcriptional start site is 1416 bp upstream from the translation start codon.
Localization of the Forskolin Regulatory Region in Transiently Transfected Rabbit Amnion Cells in Primary Culture
Constructs ranging from about 130 bp to about 6.8 kb of OXTR 5 0 flanking sequence fused to pGL3 Basic were transiently transfected into Day 27 amnion cells, which express low endogenous OXTR levels, and the effects of forskolin on luciferase expression were observed. There was no effect of glucocorticoid on luciferase production by any of the constructs with or without cotransfection of a human RABBIT AMNION OXYTOCIN RECEPTOR GENE glucocorticoid receptor expression vector (data not shown). However, treatment of the transfected rabbit amnion cells with 25 lM forskolin for 4 h after transfection resulted in more than a 6-fold increase in luciferase expression in the À6.8-kb construct vs. nontreated controls (Fig. 2) . Forskolin had no effect on luciferase expression in cells transfected with the À6.8-kb construct in the reverse orientation, illustrating the importance of the positioning of the transcriptional start site. Forskolin treatment did not cause a statistically significant increase in luciferase expression by a minimal promoter construct consisting of 130 bp of 5 0 flanking sequence compared with the pGL3 Basic (Fig. 2) . Inclusion of the first 2.9 kb of 5 0 flanking sequence resulted in about a 2-fold increase in response to forskolin. The region between À6.8 and À2.9 kb accounted for a further 3-fold increase in forskolin responsiveness. This region was divided into three segments of 1.1, 1.7, and 1.4 kb (extending from the 5 0 end toward the start site), as dictated by restriction enzyme sites, and each segment was fused to the 5 0 end of the À2.9-kb construct. Forskolin responsiveness was largely limited to the middle 1.7-kb fragment, which could be further pared to a 600-bp sequence having the responsiveness of the original À6.8-kb construct (Fig. 2) .
The 600-bp DNA fragment was further divided into 5 0 200-bp and 3 0 400-bp portions, and each of the three fragments was inserted between SalI and BamHI sites (enhancer insertion sites) downstream from the luciferase gene, luc, and the poly(A) signal sequence of pGL3 Basic containing the basal promoter region (130 bp of OXTR 5 0 flanking sequence, lacking any response to forskolin as shown in Fig. 2 ) inserted into the multiple cloning site. Therefore, the three upstream fragments were made equidistant from the transcriptional initiation site. Treatment of cells transiently transfected with the construct containing the 600-bp fragment with 25 lM forskolin resulted in about a 2.3-fold increase (P , 0.05) in luciferase expression (Fig. 3) . This reduced effect of forskolin compared with that seen with the full 6.8-kb fragment appears to be the result of removal of the region between 0.13 and 2.9 kb upstream from the transcriptional start site (Fig. 2) . The 200-bp construct also gave about a 2.3-fold increase in luciferase expression, but there was no effect of forskolin on the 400-bp sequence (Fig. 3) . These findings show that the effects of forskolin are mediated at least in part by a DNA regulatory region that is confined to a 200-bp sequence lying about 4.7 kb upstream from the transcriptional start site. 476 from amnion tissue on pregnancy Day 30, when endogenous OXTRs are upregulated [13] , but was essentially absent in nuclei from Day 24 of pregnancy, when endogenous OXTR expression is low (Fig. 4A) . This DHS was also absent in nuclei from myometrium and non-OXT target tissues such as liver on either day of pregnancy (Fig. 4A ) or duodenum (data not shown). A ubiquitous DHS was found in the transcribed sequence about 1 kb downstream from the start site. Two DHSs were detected in the second intron in both amnion and myometrial samples (Fig. 4B) .
Characterization of Transcription Factors Mediating Forskolin Induction of OXTR Gene Expression
Computer-assisted analysis of potential regulatory sites was performed within the 200-bp region. The construct containing the 6.8-kb fragment was cotransfected with dominant negative plasmids for either CREB, A-VBP, or empty vector into Day 27 rabbit amnion cells. A-CREB is modified from CREB by replacement of the b-ZIP basic region by an amphipathic acidic a-helical sequence that heterodimerizes with the basic region of the wild type and prevents its binding to DNA [34] . Expression of A-CREB decreased the magnitude of forskolin induction of luciferase expression by the OXTR construct in a dose-dependent manner compared with empty vector (Fig. 5A) . Expression of the acidic b-ZIP mutant of VBP (A-VBP) had no effect on forskolin induction of luciferase expression (Fig. 5B) . These findings suggest that the effects of forskolin are mediated by increased association of CREB with target sites in OXTR DNA.
ChIP Analysis
Computer-assisted analysis of the 200-bp region indicated the presence of two potential CRE sites at nucleotides 97- 109   FIG. 4 . A) DNase I, followed by BamHI treatment of nuclear DNA from the amnion, creates a 7.5-kb fragment containing an amnion-specific DHS, as evidenced by the 5.5-kb band seen on Southern blotting. The DHS is located about 4.7 kb upstream from the transcriptional start site and is enhanced in nuclei from Day 30 amnion compared with Day 24 tissue. The DHS is absent in tissues such as myometrium and liver. See B for details concerning gene fragment sizes and probes. B) Southern blot mapping of DHSs in rabbit OXTR in tissues taken from rabbits on Day 30 of pregnancy: the restriction sites shown on the 12.5-kb rabbit genomic insert in EMBL-3 SP6/T7 (top line) are BamHI (B), DraI (D), EcoRI (R), and HindIII (H). Two hybridization probes were used. Probe 1 (H/B) hybridizes to the 3 0 end of the B restriction fragment nuclear DNA (7.5 kb) containing the amnion-specific DHS shown in Figure 4A RABBIT AMNION OXYTOCIN RECEPTOR GENE and 146-153 from the 5 0 end flanking a putative SP1 site 120-130 bp from the 5 0 end. ChIP analysis showed that CREB was cross-linked to the 200-bp region in chromatin prepared from rabbit amnion on Day 30 of pregnancy, when OXTR is transcribed, but not on Day 27, when transcription of OXTR is low (Fig. 6) . Cross-linking of SP1 was negligible. SP3, which binds to the same DNA target as SP1, was cross-linked to the same extent on both days of pregnancy. The cross-linking of acetylated histone H4 was also unchanged and was barely detectable on both Days 27 and 30 (Fig. 6) .
Elevation of CREB in Amnion at the End of Pregnancy
Lysates were prepared from amnion tissue on Days 24, 27, and 30 of pregnancy, and relative levels of CREB were determined by immunoblot analysis. CREB levels were not detectable on Day 24, were barely discernible on Day 27, and were sharply elevated on Day 30 (Fig. 7) . These findings differ from those shown in human myometrium, in which both immunoreactive CREB and phosphorylated CREB in cell lysates were significantly reduced during pregnancy [35] .
DISCUSSION
The actions of forskolin on rabbit amnion cells mimic physiological events in that biological effectors of cAMP synthesis (such as parathyroid hormone-related protein or badrenergic activation) increase in amniotic fluid in the course of pregnancy [23] . Thus, it is reasonable to suppose that findings from the present in vitro studies are indicative of events occurring in vivo. Indeed, the hypersensitivity and ChIP results obtained using tissue samples are consistent with the transfection results.
The transcriptional start site was identical in rabbit amnion (both tissue and cultured cells) and myometrium. Putative transcription factor binding sites in the rabbit OXTR promoter were determined by computer-assisted analysis (Fig. 8) . There are similar arrangements of transcription factor binding motifs in both human and rabbit OXTR promoters. Both have an ATrich region around position À25 or À30 that corresponds to a TATA box that is flanked by a CRE/AP-1-like site, which is flanked by a GA-rich region corresponding to an Ets binding site [32] . The CRE/AP-1 site in the basal promoter region is involved in transcriptional activation of human OXTR [32] . Unlike the case with rabbit amnion, OXTR expression in human myometrial cells is not induced by forskolin (Jeng and Soloff, unpublished results), suggesting that the cAMPregulated site in the rabbit promoter is not the CRE/AP-1 sequence. Indeed, the construct containing 130 bp of 5 0 flanking sequence of the rabbit gene containing the putative CRE/AP-1 site was unresponsive to forskolin induction of luciferase expression. Instead, a functional CRE appears to reside about 4.7 kb upstream from the transcriptional start site. This region contains a DHS that is unique to the amnion (as opposed to the myometrium, liver, or duodenum) and is considerably more apparent on Day 30 of pregnancy, when OXTR transcription is elevated, than on Day 24, when transcription is minimal. Functional studies using transiently transfected portions of the 5 0 flanking region of OXTR allowed the identification of a 200-bp DNA segment in the hypersensitivity region that is stimulated by forskolin. However, the fact that this region accounted for only part of the 6-fold stimulation by forskolin in luciferase activity in transfected cells suggests that additional cis-acting sequences may be relevant. The use of a dominant negative mutant suggests that the forskolin stimulation of OXTR expression involves CREB. Concomitant with increased CREB cross-linking to the OXTR gene, there was a distinct increase in CREB concentration in the amnion, possibly contributing to increased OXTR expression.
The role of amniotic OXTRs appears mainly to be the induction of PGE 2 synthesis. In contrast, the primary site of OXT induction of prostaglandin synthesis in humans is the decidua [12] . The extraordinary upregulation of OXTRs in the amnion appears to be unique to the rabbit, as the increase in OXTR in human amnion at the end of pregnancy is only about 1% or less of that seen in the rabbit [10, 11] , and there are no OXTRs apparent in the rat amnion [21] . However, irrespective of the tissue source of OXT-stimulated prostaglandin synthesis, it has been repeatedly demonstrated that elevated prostaglandin synthesis is associated with the onset of labor.
Besides species differences in the distribution of amnion OXTRs, mechanisms of OXTR regulation might differ among several species examined. In the rat and rabbit, there is an abrupt rise in OXTR concentrations in the myometrium, while myometrial receptor levels in the human [12, 36] and guinea pig [37] rise progressively throughout pregnancy, attaining maximal values near the time of labor. We have suggested that in human myometrium OXTR is constitutively expressed and increases during pregnancy due to increased OXTR mRNA stability [38] . On the other hand, for reasons discussed in the Introduction, cAMP might have a more common role in upregulating OXTRs than first expected. Thus, the results of the present studies may be more broadly applied to understanding the actions of estrogen and/or cAMP on human breast tumor cells (MCF-7), porcine endometrium, and rat myometrium. Given the homogeneity of cell type and the ease of culture, the rabbit amnion system provides a heuristic model for understanding the complex process of the action of cAMP on OXTR upregulation.
